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ABSTRACT 

An i n t e g r a t e d  manned space  f l i g h t  program f o r  t h e  

n e x t  1 0  years  c o n s i s t i n g  of  e x t e n s i v e  o p e r a t i o n s  i n  e a r t h  o r b i t  

and abou t  t h e  moon has been  under  s t u d y .  A key  element  i n  t h i s  

program i s  a 5 0 , 0 0 0  pound g r o s s  weight  p r o p u l s i o n  module which i s  

used  t o  i n j e c t  l a r g e  payloads  i n t o  l u n a r  o r b i t ,  l a n d  payloads  on 

t h e  l u n a r  s u r f a c e ,  s e r v e  as p r o p u l s i o n  f o r  LM t y p e  o p e r a t i o n s ,  

and s e r v e  as an  ea r th  orq’”Lia1 t-ug. 1 7 7 ~ -  - - - - - - in  n n i r i n n n m a n f  A I ~ C  G ~ L J I A U I I I - L L \ ~   LA v v ~ ~ ~ a . r l A y  2s 

w e l l  as t h e  t e c h n i c a l  approach have l e d  t o  t h i s  s t a g e  s i z e .  The 

r a t i o n a l e  beh ind  t h e  s e l e c t i o n  of  t h i s  PM i s  p r e s e n t e d  h e r e i n .  
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I N T R O D U C T I O N  

An i n t e g r a t e d  manned s p a c e  f l i g h t  program f o r  t h e  
n e x t  1 0  years c o n s i s t i n g  o f  e x t e n s i v e  o p e r a t i o n s  i n  e a r t h  o r b i t  
and about  t h e  moon has been under s t u d y .  I n  t h i s  program, a 
50,000 pound g r o s s  weight  p r o p u l s i o n  module i s  developed and i s  
used  t o  i n j e c t  l a r g e  payloads  i n t o  l u n a r  o r b i t s ,  l a n d  pay loads  
on t h e  l u n a r  s u r f a c e ,  s e r v e  as t h e  p r o p u l s i o n  f o r  LM t y p e  opera-  
t i o n s ,  and s e r v e  as a n  e a r t h  o r b i t a l  t u g .  The r a t i o n a l e  behind  
t h e  s e l e c t i o n  of a s i n g l e  p r o p u l s i o n  module f o r  these  many v a r i e d  
a p p l i c a t i o n s  f o l l o w s .  

D I S C U S S I O N  

Many s t u d i e s  have been conducted on new p r o p u l s i o n  
stage o p t i m i z a t i o n s  f o r  l u n a r  o r b i t  and l u n a r  s u r f a c e  pay loads  
when t h e  p r o p u l s i o n  s t a g e  i s  used  as a f o u r t h  stage on t h e  
S a t u r n  V l aunch  v e h i c l e .  These s t u d i e s  i n d i c a t e  a stage g r o s s  
weight o f  from 1 1 0 , 0 0 0  t o  1 4 0 , 0 0 0  pounds d e l i v e r s  t h e  maximum 
pay load  t o  t h e  l u n a r  s u r f a c e  (Refe rence  1). T h i s  s tage  has been 
re fer red  t o  as PM-I (Reference  2 ) .  When PM-I (W, = 1 4 3 , 0 0 0  l b s )  

i s  p l a c e d  on t o p  of  a S a t u r n  V (127 ,000  l b  T L I ) ,  a 55,000 pound 
l u n a r  l anded  payload  i s  ach ieved .  T h i s  same c o n f i g u r a t i o n  can  
p l a c e  1 2 0 , 0 0 0  pounds i n  l u n a r  o r b i t .  

P r e l i m i n a r y  s t u d i e s  o f  a p r o p u l s i o n  module t o s r v e  as 
a LM t y p e  sys tem,  o r  t o  r e t u r n  l u n a r  s u r f a c e  p a y l o a d s b  ear th ,  
have shown t h e  s t a g e  t o  b e  from 15 ,000  t o  30,000 pounds g r o s s  
weight .  T h i s  s t a g e  has been referred t o  as PM-I1 (Refe rence  3 ) .  
It w i l l  r e t u r n  1 4 , 0 0 0  pounds t o  ear th  from t h e  l u n a r  s u r f a c e ,  o r  
s e r v e  as a l u n a r  s u r f a c e  t o  o r b i t  s h u t t l e  w i t h  a round t r i p  pay- 
l o a d  c a p a b i l i t y  o f  abou t  7,000 pounds.  

These two PM's  a long  w i t h  t h e  S a t u r n  V l aunch  v e h i c l e  
w i l l  p r o v i d e  t h e  c a p a b i l i t y  f o r  ex te .ns ive  l u n a r  and ea r th  o r b i t  
o p e r a t i o n s .  They a l so  p rov ide  a f o u n d a t i o n  f o r  s t e p s  toward t h e  
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p l a n e t s .  T e c h n i c a l l y ,  t h e r e f o r e ,  PM-I and PM-I1 p r o v i d e  a se t  
o f  - p r o p u l s i o n  hardware common t o  a11 MSF needs ( E . O . ,  l u n a r ,  
and p l a n e t a r y )  and a r e  desirable  procurement i t e m s .  

The major  drawback o f  these PM's i s  t ha t  two new 
developments are needed,  probably  w i t h  two new p r o p u l s i o n  sys tems.  
A t  t h e  same t ime t h a t  these development programs would be under- 
t a k e n ,  new s tar ts  would a l s o  b e  i n i t i a t e d  f o r  space  s t a t i o n  modules,  
a n  ear th  o r b i t a l  space  s h u t t l e ,  and a n u c l e a r  s h u t t l e .  Cons ider ing  
t h e  n e a r  term economic environment;  i t  i s  ex t r eme ly  d e s i r a b l e  t o  
minimize any new s t a r t s ,  and pe rhaps  p roceed  w i t h  a d e r i v a t i v e  
t y p e  s y s t e m  such  as a modi f ied  S-IVB i n  p l a c e  o f  a PM-I. 

S - I V C  and PM-I1 

The m o d i f i c a t i o n  of t h e  S-IVB s t a g e  t o  r e p l a c e  PM-I 
was n e x t  i n v e s t i g a t e d .  T h i s  s t a g e ,  referred t o  as S - I V C ,  c o n s i s t s  
o f  s u i t i n g  t h e  S-IVB f o r  l o n g e r  l i f e t i m e  ( s i n c e  i t  must be c a r r i e d  
pas t  TLI) and making a l a n d i n g  s t a g e  o u t  of  i t .  T h i s  n e c e s s i t a t e s  
t h e  a d d i t i o n  of h i g h  performance i n s u l a t i o n  ( H P I )  around t h e  t a n k s ,  
s e p a r a t i o n  of t h e  t a n k s  from t h e  common bulkhead  arrangement  t h a t  
r i ~ x  e x i s t s ,  t h e  a d d i t i m  zf' Igr?ding l e g s i  a n d  the rep lacement  of 
t h e  5-2 eng ine  w i t h  d e r i v a t i v e  RL-10 e n g i n e s .  These m o d i f i c a t i o n s  
would i n  e s sence  b e  e q u i v a l e n t  t o  a new s ta r t  i n  c o s t  and t i m e  and 
would y i e l d  on ly  moderate  performance as a f o u r t h  s t a g e  on S a t u r n  
V--40,000 pound l u n a r  s u r f a c e  payload  and 1 0 0 , 0 0 0  pound l u n a r  o r b i t  
p a y l o a d ,  The S-IVB modi f i ed  t o  b e  a l u n a r  l a n d e r  has been s t u d i e d  
(Refe rence  4 ) ,  and t o t a l  p r o p e l l a n t  l o s s e s  ( b o i l o f f ,  r e s i d u a l s ,  
e t c . )  amounted t o  about  1 0 , 0 0 0  pounds.  T h i s  same p r o p e l l a n t  l o s s  
was used  t o  de t e rmine  S-IVC performance.  

The PM-I1 s t a g e  would s t i l l  be  used i n  a d d i t i o n  t o  S-IVC 
f o r  t h e  m i s s i o n s  p r e v i o u s l y  d i s c u s s e d .  I t s  c o n f i g u r a t i o n  i s  main- 
t a i n e d  as i s .  The re fo re ,  two t y p e s  o f  p r o p u l s i o n  s y s t e m s  may a g a i n  
b e  needed. 

S - I V B '  and PM-I1 

Another method o f  accompl ish ing  t h e  l u n a r  o r b i t i n g  and 
l a n d e r  m i s s i o n s  i s  t o  examine minimum m o d i f i c a t i o n s  t o  t h e  S-IVB 
and t o  use  a r e s i z e d  PM-I1 as t h e  l a n d i n g  v e h i c l e .  T h i s  would 
c o n s t i t u t e  a f i v e  s t a g e  S a t u r n  V w i t h  t he  f o u r t h  s t a g e  b e i n g  a 
mod i f i ed  S-IVB s t a g e ,  and t h e  f i f t h  s t a g e  b e i n g  PM-11. The modi- 
f i e d  S- IVB s t a g e ,  r e f e r r e d  t o  as S-IVB' ,  would be r e q u i r e d  p a s t  T L I  
and  would t h u s  r e q u i r e  t h e  a d d i t i o n  of  HPI  t o  i n c r e a s e  s t o r a b i l i t y  
o f  t h e  c r y o g e n i c s ,  and t h e  use  of a J-2s e n g i n e  f o r  u p r a t e d  p e r f o r -  
mance. The  PM-I1 s t a g e  s i z e  needed f o r  l a n d i n g  on t h e  l u n a r  s u r f a c e  
would be a b o u t  35,000 pounds gross weight.  The r e s u l t i n g  per formance  
o f  t h i s  c o n f i g u r a t i o n  would b e  38,000 pounds l anded  on t h e , l u n a r  
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s u r f a c e  ( f i v e  s t a g e  S a t u r n  V )  o r  about  35,000 pounds ( f o u r  s tage 
S a t u r n  V where S-IVB’ r e p l a c e s  a S - I V B ) .  
t i o n  w i t h o u t  t h e  PM-11, i . e . ,  an  S-IVB’ on t o p  of  a n  S- IVB,  w i l l  
p l a c e  about  88,000 pounds i n  l u n a r  o r b i t .  
u r e s  s u g g e s t  t h e  p o s s i b i l i t y  o f  b u i l d i n g  one p r o p u l s i o n  stage t h a t  
c o u l d  perform a11 t h e  PM-I and PM-I1 f u n c t i o n s  wi thou t  a major  
compromise i n  performance o f  any o f  t h e  m i s s i o n s ,  s i n c e  t h e  pay- 
l o a d  t o  t h e  l u n a r  s u r f a c e  i s  n o t  s i g n i f i c a n t l y  i n c r e a s e d  by u s i n g  
a large S-IVB t y p e  s t a g e  rather t h a n  PM-11. 

A f o u r  s tage c o n f i g u r a -  

These per formance  f i g -  

5 0 , 0 0 0  Pound P r o p u l s i o n  Module 

The performance of  a s i n g l e  p r o p u l s i o n  module, c a l l e d  
PM, i s  e v a l u a t e d  as a f u n c t i o n  o f  PM g r o s s  weight  f o r  l u n a r  l a n d e r  
and o r b i t e r  m i s s i o n s .  The s t a g e  s i z e  i s  op t imized  f o r  t h e  l a n d e r  
m i s s i o n ,  s i n c e  t h e  o r b i t e r  m i s s i o n  pay load  i s  found t o  be  a lmos t  
comple t e ly  i n s e n s i t i v e  t o  PM g r o s s  we igh t s  o f  from 4 0 , 0 0 0  t o  1 0 0 , 0 0 0  
pounds.  The l anded  payload  i s  shown i n  F i g u r e  1 as a f u n c t i o n  o f  
PM g r o s s  we igh t .  
e f f e c t  o f  t h e  n e c e s s i t y  f o r  c a r r y i n g  t h e  S-IVB past  T L I  i s  c l e a r l y  
shown. It would t h e r e f o r e  b e  desirable  t o  have a PM p l u s  pay load  

v e h i c l e  such  t h a t  t h e  S-IVB i s  n o t  r e q u i r e d  t o  b u r n p a s t T L I .  T h i s  
would e l i m i n a t e  t h e  need f o r  any e x t e n s i v e  m o d i f i c a t i o n s  t o  t h e  
S-IVB and s a v e  t h e  1 0 , 0 0 0  pound p r o p e l l a n t  l o s s  d u e m a i n l y t o  b o i l -  
o f f  d u r i n g  t h e  l u n a r  t r a n s f e r  t i m e .  

A s  t h e  PM g r o s s  weight  and payload  v a r y ,  t h e  

\rv,,,uIIIQ~IVl, ~ y u ~ l  to or exceedir,g t h e  mT-r  - - - - k ~ i * t - -  - n  t L r .  i - . . - -~ L U I  b a p a u r ~ ~ b y  VI b i i c  L ~ I A I ~ L L L  n n m h * - n t 4 ~ -  - - . ~ n l  

The use  of a 68 ,000  pound PM as a f o u r t h  stage on a 
S a t u r n  V w i l l  l a n d  abou t  52,000 pounds on t h e  l u n a r  s u r f a c e  o r  
p lace  about  1 0 0 , 0 0 0  pounds i n  l u n a r  o r b i t .  T h i s  assumes t h a t  t h e  
PM i s  d e s i g n e d  such  t h a t  p r o p e l l a n t  l o s s e s  due t o  b o i l o f f  are a 
minimum. T h i s  s i n g l e  stage has t h e  advantage  ove r  t h e  o t h e r s  
ment ioned i n  t h a t  t h e  S- IVB need n o t  b e  mod i f i ed ,  RL-10 d e r i v a t i v e  
e n g i n e s  are used e l i m i n a t i n g  t h e  need f o r  a comple t e ly  new e n g i n e  
development ,  and on ly  one new stage i s  developed .  

The major  d i f f i c u l t y  w i t h  t h e  68,000 pound PM i s  
programmatic .  The f l i g h t s  t o  l u n a r  o r b i t  w i l l  have a pay load  
c a p a b i l i t y  of about  100 ,000  pounds.  One m i s s i o n  would have  a pay- 
l o a d  c o n s i s t i n g  o f  a space  s t a t i o n  module ( approx ima te ly  5 0 , 0 0 0  l b s )  
and a PM. T h i s  pay load ,  however, would exceed  t h e  c a p a b i l i t y  o f  
t h e  S a t u r n  V p l u s  PM t o  l u n a r  o r b i t .  Another m i s s i o n  would have a 
pay load  o f  two PM’s which would a l s o  exceed t h e  c a p a b i l i t y  of  t h e  
l a u n c h  s y s t e m .  

The p o s s i b i l i t y  o f  a 50 ,000  pound PM was t h e n  i n v e s t i g a t e d ,  
and t h e  l u n a r  o r b i t  pay load  was found t o  remain  a t  a b o u t  100 ,000  
pounds.  The contempla ted  m i s s i o n  pay loads  then  f e l l  w i t h i n  t h e  
c a p a b i l i t y  o f  t h e  l a u n c h  system. The l u n a r  l anded  p a y l o a d ,  however, 
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s u f f e r e d  g r e a t l y  u s i n g  a f o u r  s tage S a t u r n  V s i n c e  t h e  S- IVB 
was now r e q u i r e d  t o  f i r e  a f t e r  T L I .  A second PM was t h e n  added 
making a f i v e  s t a g e  S a t u r n  V and t h e  l u n a r  l anded  pay load  was 
52,000 pounds w i t h  t h e  S-IVB n o t  r e q u i r e d  p a s t  T L I .  

A schemat i c  of a 50,000 pound g r o s s  weight  PM i s  shown 
i n  F i g u r e  2 ,  whi le  F i g u r e  3 g i v e s  some o f  t h e  p h y s i c a l  c h a r a c t e r -  
i s t i c s  of t h e  stage and shows i t s  performance f o r  v a r i o u s  a p p l i -  
c a t i o n s - - a s  an  ear th  t o  l u n a r  i n j e c t i o n  stage and l a n d e r ,  as a 
s p a c e  t u g  i n  ea r th  o r b i t ,  and as a l u n a r  s u r f a c e  t o  o r b i t  s h u t t l e .  
A s  a l u n a r  s u r f a c e  t o  o r b i t  s h u t t l e ,  t he  per formance  shown i n  
F i g u r e  3 i s  f o r  round t r i p s  w i t h  t h e  l e f t  s ide b e i n g  t h e  down 
pay load  and t h e  r i g h t  s i d e  be ing  t h e  co r re spond ing  up pay load .  
A s  an  example, m i s s i o n  2 c o n s i s t i s  o f  b r i n g i n g  down 38 ,000  pounds 
t o  t h e  l u n a r  s u r f a c e  and r e t u r n i n g  t o  o r b i t  empty. Miss ion  3 
l a n d s  5 2 , 0 0 0  pounds and i s  expended (does  n o t  r e t u r n  t o  o r b i t ) ;  
hence  no m i s s i o n  3 on t h e  r i g h t  s i d e .  The v e r s a t i l i t y  of t h i s  
s tage  i s  obv ious ,  consequen t ly  5 0 , 0 0 0  pounds was s e l e c t e d  as t h e  
g r o s s  weight  of t h e  p r o p u l s i o n  module. 

C O N C L U S I O N S  

The development o f  a s i n g l e  50,000 pound PM t o  per form 
PM-I and PM-I1 m i s s i o n s  i s  q u i t e  feas ib le .  T h i s  s i n g l e  s t a g e  
r e p r e s e n t s  a compromise t o  t h e  two new s t a g e  developments  i n  as 
much as performance i s  somewhat l ower ,  b u t  t h e  programmatic and 
f i n a n c i a l  a s p e c t s  of  a s i n g l e  s t a g e  make i t  h i g h l y  des i rab le .  
The  m o d i f i c a t i o n  of t h e  S-IVB s tage,  e i t h e r  as a l a n d e r  o r  a n  - -  
i n j e c t i o n  s t a g e ,  i s  n o t  c o m p e t i t i v e  t o  t h e  s i n g l e  PM i n  e i t h e r  
per formance  o r  c o s t .  A s i g n i f i c a n t  i n t e g r a t e d  MSF program can  be 
accompl ished  w i t h  t h i s  s t a g e  and a n  a s s o c i a t e d  ea r th  o r b i t a l  s h u t t l e  
u n t i l  such  t ime as t h e  economic environment  changes t o  a l l o w  a more 
t e c h n i c a l l y  o r i e n t e d  approach toward manned s p a c e  f l i g h t .  

1 0  12-AEM-s j h A. E .  Marks 
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38,000 

52,000 ( EXPENDED ) 

27,000 (20,000 LB. DISCRETIONARY 
ON A 3 M A N  28 DAY SORTIE-LMB) 

7,000 LB (SPACE CREW CAPSULE) 

PIGURE 3 

-0- 

7,000 (SPACE CREW CAPSULE) 

44' PLANE CHANGE A B I L I T Y  W I T H  
7,000 L B  SPACE CREW CAPSULE 
(NO DISCRETIONARY PL) 

SPACE TUG PROPULSION MODULE 

P H Y S I C A L  CHARACTERISTICS: 

GROSS WEIGHT - 50,000 LBS. 
, PROPELLANTS - L0..)LH2 

M A S S  FRACTION - 0.80 
SPECIFIC IMPULSE - 460 SEC. 

STAGE PERFORMANCE 

4th STAGE ON SAT. VC 
PAYLOAD TO L. 0. = 100,000 LBS 

LENGTH - 25 FT. 
DIAMETER - 22 FT. 
ENGINE - 4 RL-10 DERIVATIVES 

4th & 5 t h  STAGE ON SAT VC 
PAYLOAD TO LUNAR SURFACE 52,000 LB. 

SPACE I U G  

LUNAR M I S S  I O N  ROUND TR I PS (REUSABLE) 

PAYLOAD FROM PAYLOAD FROM 1 1 LUNAR ORBIT TO LUNAR SURFACE LUNAR SURFACE TO LUNAR ORBIT 

1 15.000 1 15.000 I 
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